Abstract: Efficient synthesis of benzo [b]thiophenes from o-halophenyl acetonitrile has been achieved. This novel one-pot procedure involves CuI and pivalic acid catalyzed C-S bond formation using dithioesters followed by a heterocyclization reaction. This efficient protocol has the advantages of one-pot synthesis, short reaction time, good yields (62-78%) and operational simplicity.
Introduction:
Benzo [b] thiophene derivatives are important heterocyclic compounds because of their various applications in medicinal chemistry and material science. 1 They represent important heterocyclic cores, (Fig 1) which show number of pharmacological properties such as antipsychotic, 2 antidepressive, 3 antithrombolytic, 4 antifungal, 5 antiviral, 6 antiallergic, 7 prostaglandin, 8 dopamine receptor antagonist, 9 and 5-lipoxygenase inhibitor. 10 The 2-arylbenzo [b] thiophene derivatives containing these sulfur heterocycles are essential components of clinically important drugs namely, Clopidogrel, 11 Raloxifene 12 and Zileuton. 13 Recently a few 2-arylbenzo [b] thiophenes are marketed under the trademark Evista, and these are a class of compounds known as selective estrogen receptor modulators (SERM'S).
Figure 1
Examples of biologically important benzo [b] thiophenes.
In addition to this, Benzothiophene 3-carbonitrile and corresponding acids have found significant use as building blocks for the synthesis of pharmaceutically important molecules. 14a Thus, development of general methods for the synthesis of these compounds is valuable in drug discovery. Many methods 14b-i are reported for the synthesis of benzo [b] thiophene and their derivatives such as thiophenol derivatives 2-chlorobenzaldehyde, 2-nitrobenzaldehydes, and alkynyl thiophenols.
The C-S bond formation reactions catalyzed by transition metals 15a such as palladium, [b] thiophenes by intramolecular radical cyclization of 2-(o-bromoaryl)acrylonitriles derived from o-bromoarylacetonitriles using two steps (Scheme 1). Consequently, the development of facile and novel route for the synthesis of these sulfur-based heterocycles is of high interest.
Scheme 1 Synthetic route to 2,3-disubstituted Benzo[b]thiophenes
Most of these reported methods involve, hazardous reagents, solvents and this synthetic strategy requires multistep reaction sequence. This encouraged us to consider for a direct reaction in the synthesis of functionalized benzo [b] thiophenes. In continuation of our work on synthesis of heterocyclic compounds, 18 herein, we report a novel method to access to benzothiophenes from range of dithioesters via-S-arylation We set out to identify the possible mild conditions under which, the reaction of ochlorophenyl acetonitrile 1a and phenyl dithioester 2a would proceed with synthetically useful rate. The reaction requirements including catalysts, bases and additives were screened and the results are listed in Table 1 . Initially, the condensation of o-chlorophenyl acetonitrile 1a with phenyl dithioester 2a was examined in DMF with pivalic acid (1.5 equiv) as an additive, K 2 CO 3 (1.5 equiv) as a base, in the absence of CuI, and at reflux, the intermediate
Different inorganic bases were evaluated and results are summarized in (Table 1 , entries 1-5).
A good result was obtained in presence of K 3 PO 4, when the yield of 3a was increased to 62% (Table 1 , entries 5-7). In contrast, no product could be found when organic bases, such as Et 3 N and pyridine were used. Remarkably, the reaction was found to proceed efficiently at 80 o C. In fact, the highest yield of 3a (62%) was observed at this point. A reduction in the loading of K 3 PO 4 showed negative effect on the yield of 3a ( We evaluated the effect of catalyst on the reaction rate and yield, the reaction was found to proceed efficiently in the presence of CuI giving the highest yield of 3a (62%). An increase in the loading to 50 mol% failed to offer any significant advantages over the 20 mol% catalyst loading (Table 1, entry 9) . A reduction in the loading of CuI showed negative effect on the yield of 3a (Table 1 , entry 10), whereas the yield was drastically decreased in the absence of CuI, ( Table 1 , entry 11).
Other copper salts were also tested but CuI remained as the best one ( Table 1, entries 18-19) . In another set of experiments, effect of additive was tested. A reduction in the loading of pivalic acid had a negative effect on the yield of 3a (Table 1 , entry 12), whereas increasing to 2 equiv did not offer any significant advantages over that of 1.5 equiv catalyst loading (Table1, entry 14). No product was obtained in the absence of pivalic acid (Table1, entry 13).
Copper-catalysed nitrogen free intramolecular C-S bond formation was shown to proceed efficiently with the combination of K 3 PO 4 as a base and pivalic acid as an additive. With the optimized reaction conditions established, the substrate scope was examined, and results are summarized in (Table 2) . Different dithioesters with electron-donating and electronwithdrawing groups on the benzene ring reacted smoothly with o-halophenyl acetonitriles to
give the corresponding 2-phenylbenzo [b] thiophenes in moderate to good yields at 80 o C (Table 2 ). This reaction was not limited to aromatic dithioesters, but heterocyclic dithioester also underwent the reaction equally under mild conditions. The existence of other halides, such as F and Cl had no significant effect on the reaction, and the desired products were obtained in good yields, (Table 2 , entries 7-10), notably, hydroxyl and methoxy were tolerated in the reaction, and the products were obtained in good yields (Table 2 , entries 3,4,6 and 16).
A plausible reaction mechanism for the CuI catalyzed domino reaction is presented in Scheme 2. It is assumed that, the reaction starts with abstraction of proton from active methylene compound o-chlorophenylacetonitrile followed by the substitution. 19 The second step, is initiated by the reaction of A with K 3 PO 4 to give the corresponding potassium enolate B Later intramolecualr S-arylation between S atom of enolate ion and aromatic carbon carrying the halogen atom is carried out by the oxidative addition of aryl chloride, to copper takes place and C is formed as an intermediate. This is followed by exchange of a pivalate for the chloride ligand to give D. 20 In the final step D undergoes reductive elimination with the formation of benzothiophene 3a and regeneration of CuI. 
Experimental section:
General procedure for the synthesis of 2,3-substituted benzo [b] 4, 100.7, 114.7, 115.4, 122.2, 122.3, 124.0, 125.8, 125.9, 129.6, 136.9, 139.9, 155.1, 161.4 NOS: C, 72.43; H, 4.18; N, 5.28; Found: C, 72.47; H, 4.13; N, 5.24 . 9, 123.2, 125.4, 127.9, 128.1, 128.6, 129.8, 130.0, 136.6, 141.8, 158 9, 122.4, 122.7, 126.3, 126.4, 129.5, 129.7, 130.0, 136.7, 137.4, 139.1, 153.5 4, 114.4, 120.1, 122.6, 122.9, 123.6 (q, 1C), 124.0, 128.6, 128.9, 129.4, 137.1, 137.6, 141.5, 156.6 3, 119.8, 122.5, 123.1, 123.7 (q, 1C), 124.3, 127.0, 128.7, 129.8, 130.4, 141.4, 156.7, 163.0, 164.5 8, 116.0, 119.4, 122.2, 123.5, 124.3, 128.1, 128.2, 130.56, 140.6, 143.0, 161.7, 162.0 1, 125.8, 126.0, 129.8, 130.1, 137.7, 139.8, 140.4, 142.3 7, 122.6, 122.8, 123.0, 125.1, 125.3, 126.2, 126.9, 129.35, 129.3, 136.6, 137.8, 138.2, 138.2, 140.4, 148 1, 122.4, 126.2, 128.4, 128.6, 128.63, 128.8, 128.9, 133.5, 136.6, 138.8, 147.6 123.0, 125.2, 126.3, 128.3, 128.7, 130.23, 130.24, 136.3, 137.4, 140.5, 151 
2-(4-metoxyphenyl)-6-(trifluromethyl)benzo[b]thiophene]-3-carbonitirle (3d)

